By including a Gauss-Bonnet interaction term into the brane-world effective action we give linear and non-linear treatments of the Einstein-Gauss-Bonnet gravity in warped spacetimes, where spacetime background can be described as a 3-brane embedded in an anti-de Sitter space of dimensions D ≥ 5 or as an intersection of higher dimensional branes with a four-dimensional brane intersection. Basically we deal with brane-world scenarios involving Minkowski branes and show that a four-dimensional graviton propagator at long distances on the brane (or intersection thereof) gives the zero-energy solution, which corresponds to a localized massless graviton on the brane. For branes coupled to a scalar field, the Gauss-Bonnet term alone may not give a complete resolution of the singularity problem, however, there can exist a Randall-Sundrum type compactification. Importantly, the previously known "no-go" arguments for warped brane-world compactifications are not available with a Gauss-Bonnet term.
Introduction
In recent years, ideas behind the branes propagating in anti-de Sitter (AdS) spacetimes with warped extra dimensions have attracted much interest [1, 2, 3, 4, 5, 6, 7, 8] . One of the intriguing proposals was that of Randall and Sundrum [2] (RS1). A new ingredient is that the RS spacetime metric contains a warp factor e −2A(z) , which depends non-trivially on the extra dimension z, and hence the RS1 model gives a geometrical resolution of the hierarchy problem. This proposal was made more concrete in the scenario pioneered further by Randall and Sundrum [3] , known as the RS single brane (or RS2) model, where the fifth dimension is non-compact. The RS2 model, viewed as an alternative to Kaluza-Klein compactification [3] , gives an illustrative example of localized gravity on a singular brane.
In order to localize gravity to the RS brane one works in an embedding bulk space with a negative cosmological constant. The total action in five spacetime dimensions is taken to be
Here κ 5 = 16πG (5) = M −3
(5) with M (5) being the five-dimensional mass scale, and h is the determinant of the induced metric on the 3-brane. In the single brane setup, the brane tension T has to be positive (T > 0), and the AdS length scale ℓ is set by the relation ℓ 2 = −6M 3 * /Λ. At the linearized level, one of the most interesting features of this model is the presence of standard four-dimensional gravity as the zero-mode spectrum of a five-dimensional theory. One also recovers correct momentum and tensor structures for the graviton propagator by recognizing so called "brane-bending" mechanism [5, 8] , which is another interesting feature of the RS models. These results hold even when a Gauss-Bonnet action is included in the Einstein-Hilbert action with a possible bulk cosmological term [9] .
In the RS setup [3] , a proper attention was paid to the Einstein gravity with or without matter coupling on the brane. It is well accepted that a low energy effective action describes the dynamics of a background field for sufficiently weak curvatures at sufficiently long distances. This may somehow lead one to argue that adding higher-curvature (HC) terms with small coefficients will simply produce small modifications of the RS brane-world solutions or any other solutions based on the Einstein's theory. But this is not always the case, and we note here a simple counter example. With Einstein term one does not find a non-trivial brane tension in the intersection of two 4-branes [4] , but this is manifest in the presence of a Gauss-Bonnet (GB) term. In particular, when D = 6, there exists a non-trivial four-dimensional brane tension at the common intersection of two 4-branes [10, 11] .
With a warped bulk geometry, one can introduce R 2 corrections only in a special GB combination. This is because a 3-brane in the RS models is a singular source giving rise to the delta function in the energy momentum tensor, and a delta function is matched by second derivative of the metric in the equations of motion. This basically implies that one should take the curvature corrections in the effective action of RS models to give no larger than second derivatives of the metric or warp factor A(z). In fact, a Gauss-Bonnet term can arise in the tree-level effective action of the bosonic or heterotic string theory as the order α ′ corrections [12, 13] . Furthermore, a GB invariant is not a total derivative term for D > 4, and hence this term may serve as leading stringy corrections in the gravitational field theories. In the type IIB string effective action, like the reduction on AdS 5 ×S 5 [14] , a general impression of α ′ corrections is that, other than higher order terms in the gauge fields, powers of the Weyl tensor (or (Riemann) 4 terms) are the usual higher derivative corrections. However, these corrections are not allowed in warped backgrounds, because they essentially yield higher than second derivatives of the warp factor in the equations of motions, and field equations are not well defined, so we will consider here only the R 2 type corrections like in type I theory.
Recently, some new solutions of the Einstein-Gauss-Bonnet gravity have been found in the context of RS brane-world models [15, 16, 17, 18, 19, 20, 21, 22, 23, 24, 25, 26, 27] . It was shown in [9, 15] that the Einstein action corrected by a GB term consistently explains the basic features of the RS models in five dimensions, including a localized behavior of the zero-mode on the brane and a correct tensor structure. Here we are interested to extend our work in [9] to the D dimensional anti-de Sitter spacetimes. Another motivation also comes from a fact that we crucially need the HC corrections and brane models with more than one uncompactified extra dimensions to induce brane junctions of non-trivial topology.
The brane-world cosmology, in the context of single brane RS model modified by a GB term, has been developed in Refs. [28, 29] . The thermodynamic properties of the anti-de Sitter black holes in R 2 gravity and nature of possible phase transitions were discussed in [30] . One also realizes there some new solutions which are not available if the lower energy effective action contains only the Einstein term along with a possible cosmological term. There are some other issues that could be raised in the warped brane-world compactifications. One of them is the non-existence of non-singular Minkowski or de Sitter compactifications for large class of gravity theories [31] , also known as "no-go theorem" [32] , see also [33] for related discussions but from different angles. So it would be desirable to know whether these arguments can be changed to cover alternatives in the gravitational actions.
The rest of the paper is organized as follows. In Section 2, we will introduce the brane-world action and discuss how we can find intersecting brane backgrounds with more than one uncompactified extra dimensions. We will give some basic expressions of the linearized Einstein equations with a warped metric, and generalize results of the RS2 model when there are two transverse directions. We will then discuss some interesting features of the brane-world solutions modified by a GB term. In Section 3, we find the Neumann propagators in D dimensions, where the background can be described as a 3-brane embedded in AdS space of dimensions D ≥ 5. Section 4 gives some important insights on the nature of singularities or no-go theorem for a class of brane-world gravity model coupled to a scalar field and a Gauss-Bonnet self-interaction term. Section 5 contains conclusions and outlook. In the Appendices, we give some useful derivations of the linearized equations for a class of higher derivative theory in the warped background.
Gravity in brane backgrounds
In order to study warped brane-world models, we shall begin with the following gravitational action in D dimensional space-times, where ∂B represents the (D − 1)-dimensional boundary or (D − 2) branes,
The indices (p, q, Consider a smooth version of the multidimensional patched AdS space with metric
where
being the number of extra spatial dimensions. For a co-dimension one brane (N = 1), the indices µ, ν run from 0 to (D − 2), this case will be considered in detail in Section 4. The metric (3) was first introduced in [4] to study intersecting brane-world models. It would be interesting to extend this work by adding a Gauss-Bonnet interaction term into the brane-world actions.
The Einstein field equations (α = 0) give a solution A(z i ) = log(
i=i |z i |/ℓ + 1), with ℓ being the curvature radius of AdS space, by satisfying the relations
One has T = 0 for α = 0. However, the four-dimensional brane tension T at the common intersection of two 4-branes need not vanish for α > 0 [10, 11] . The two expressions in (4) further imply
Thus, since Λ 2 k ≥ 0, the bulk spacetimes should be anti-de Sitter (Λ < 0). For the RS single brane model with D = 5, Λ k is replaced by T , and hence Λ k is the 3-brane tension in an AdS 5 space.
Linearized Einstein gravity
In warped backgrounds defined by the metric (3), the linearized Einstein field equations in D spacetime dimensions, in the harmonic gauge ∂ q h pq = 1 2 h s s , take the form
The warp factor A(z) is only a function of the extra spatial coordinates, thus the indices m and n take face values from
(µν) components of (6) largely simplify in using RS fine-tuned relations (4) . Moreover, if we impose the transverse-traceless gauge ∂ q h pq = 0 = h p p , instead of the harmonic gauge, the second term in (6) does not appear.
It is more convenient to perturb the metric background (3) in the following form
However, in this gauge, other than the standard graviton h µν , there may be some additional gravitational degrees of freedom coming from h µm and h mm . For a co-dimension one brane coupled one can analyze fluctuations of these modes by using a gauge-invariant formalism [23] , but one finds that only the tensor modes are localized on the brane. With more than one (conformal) extra dimensions there is a general problem for diagonalizing the linearized fluctuations of all metric fields, which is computationally difficult. To this end, since a gravitational potential on the brane is mediated by effective 4D-gravitons, we find reasonable to analyze only the linearized field equations for graviton h µν with the gauge h µ µ = 0, ∂ λ h λµ = 0. In particular, as in [4, 7] , we use the approximation where the tensor modes either decouple from the off-diagonal components of the perturbed equations like h µm , and diagonal components h mm , or only the non-vanishing components of the fluctuations are h µν . In fact, in ordinary two derivative gravity supplemented by a Gauss-Bonnet term one has no extra degrees of freedom than in Einstein's theory, though one would find extra degrees of freedom in a generic higher derivatives theory (see, for example, [34] ).
In our analysis, we follow the background subtraction technique introduced in [7] to linearize the field equations. The main idea is that one considers vacuum branes and subtracts out the background fields from the variations of G ab . The terms subtracted out in this way may be tuned to the vacuum energy terms arising as the delta-function sources on the branes. In particular, for a gravity action of the form (2), we may define δT ab =T ac h c b , whereT ab = κ DḠab is taken about the background. In this case, the RS type fine tuned relations (4) will be implicit [7] . One further imposes the gauge ∂ µ h µν = 0 and h µ µ = 0. With these approximations, the equations of motion δG ab = κ D δT ab linear in h µν take the following simple form [7] −
We define h µν = e (D−2)A(z)/2h µν and 2 4hµν = m 2h µν , whereh µν = ǫ µν e ip.x ψ(z), ǫ µν is the polarization tensor, and arrive at the following analog non-relativistic Schrodinger equation
Remember that we are considering the case where warp factor e −A(z) is a function of all transverse
other than at the brane junction (z i = 0) or the origin in the transverse space. In order to normalize four-dimensional metric at the origin, one has to assume that A(0) = 0. Eq. (9) gives the RS one-dimensional Schrödinger equation when D = 5, and this was extensively studied, for example, in [5, 8, 7] , so here we briefly discuss only the D = 6 case.
Define a set of new coordinates x ± ≡ |z 1 | ± |z 2 |, so that the bulk part of (9) takes the form
whereψ(x − , x + ) ≡ ψ(z 1 , z 2 ). We can separate this equation into
where we have defined 
These solutions must satisfy the Neumann type boundary conditions at the brane junction x ± = 0:
The coefficients A m and B m can easily be read off
Thus ψ m + (0) ∼ (m + ℓ) α−1 , where α + 1/2 = 5/2. There are 4 (= 2 D−4 ) sectors in the mass spectrum
The state (i) gives the four-dimensional graviton, and the set of continuum states (ii) or (iii), which are localized in x − or x + direction, contributes as an integral over the single eigenvalue m − or m + [7] .
The set of continuum states (iv) contributes to Newton's law. For two point masses m 1 and m 2 placed at a distance of |x − x ′ | = r on the four-dimensional brane intersection, the Newtonian potential is given by
where m = m 2 − + m 2 + . A qualitative feature of this potential can be known by specializing to the case where m − would extend down to m 0 = 0, and ψ m − (0) = 1. Hence
where 1/G
, α 1 is a number of order one. Thus gravity becomes weaker when the number of transverse directions is increased, since the Kaluza-Klein mode corrections (ℓ/r) D−3 are more suppressed for large D and ℓ < r.
Corrections to Einstein gravity
Next, we investigate the brane-world solutions which arise by including a non-trivial Gauss-Bonnet coupling α. The exact metric solution for the modified Einstein equations is then given by
, where L is the AdS curvature radius but here involves the contribution from the GB interaction term. We should note that L 2 is defined by the bulk solution [11] 1
The spacetime metric is therefore
This is the Poincaré half parameterization of AdS space in D spacetime dimensions. Of course, one can interpret the above metric background as intersection of higher dimensional branes with a four- Moreover, for α > 0, the background relations satisfy
Observe that the first tuning relation in (20) can take the
In general, a relation Λ 2 k ∝ −Λ does not hold for the Einstein field equations modified by higher curvature corrections. This may reveal that RS type fine tunings may not be preserved in a radiative (quantum) correction. As reasonably argued in [25] , this could be possible with a tuning γ = 1. In fact, γ = 1 is a possible solution of the field equations rather than merely a tuning relation, this we will show in Section 4 for N = 1, but results would apply to N > 1. Though the higher derivative corrections in generic form could spoil the RS type fine tuned relations, at least for R 2 corrections in a GB form, one still has Λ 2 k ∝ −Λ for γ = 1 solution. We may include the matter source T (m) µν on the brane, and study the linear equations for the effective four-dimensional gravitational fluctuations in the background (19) . We consider only the scalar wave equation for each of the components h µν in the background (3). The linearized field equations for h µν take the following form (see Appendix C, Eq. (C.2))
In Eq. (21), terms that involve Dirac delta function vanish for |z| > 0. Thus, for z = 0, Eq. (21) gives the RS type gravitational equation but multiplied by a factor (1
This apparently implies that effect of adding a GB term may be removed by redefining the Einstein constant. But this is indeed not the case, rather a non-trivial GB coupling could alter the physics of the brane-world by modifying the Neumann propagator in the bulk. Indeed, the so called solitonic brane-world solution in [25] is the background obtained with a tuning γ = 1, and in this case the relevant solutions could be stable to higher order quantum (loop) corrections. An argument that there are no propagating degrees of freedom in D dimensions for γ = 1 is easy to understand in our model from the exact propagator analysis (see below). The branes are solitonic because of an overall delta-function factor in (21) . A striking observation is that even after a setting γ = 1, the structure of the resultant linearized equation turns out to be same as the original RS equation, but in one lower spacetime dimensions, since i = j (see Refs. [10, 11] ).
Green Function in D Dimensions
Next, we express a D-dimensional graviton propagator G D (x, z; x ′ , z ′ ) in terms of the Fourier modes such that
where the Fourier components
When one of the arguments of the propagator is at z ′ = L, we find (see Appendix D for extra details)
where ν = (D − 1)/2, χ = 2γ/((D − 3)(1 − γ)), and H (1) = J + iY is the first Hankel function and
For both the arguments of the propagator at z, z ′ = L (on the brane), using the Bessel recursion relations, one can find a propagator of the effective theory (two point correlator). For example, when D = 5, a two-point correlator is
For arbitrary D, however, by using Bessel expansions in Eq. (24) we obtain the scalar Neumann
where C 1 is a dimension dependent number (see Appendix D). For γ = 0, the above results reproduce the scalar Neumann propagator found in [8] , after a substitution d = D − 1, and the results in [9] with D = 5. The first term in (26) is the standard propagator of a massless scalar field.
The long distance behavior, r >> L, of a propagator is governed by a small q behavior of the Fourier modes. Thus, for qL << 1, a leading order contribution to the propagator comes from the logarithm. For D = 5, and |x − x ′ | >> L, qL << 1, we find, to the leading order in q,
Thus G 4 (x, x ′ ) is just the ordinary massless scalar propagator in four-dimensions. Eq. (26) reveals that even with a GB interaction term a four-dimensional massless graviton propagator is contained in the full five-dimensional propagator, which is one of the pleasing results of the RS2 brane model supplemented by a GB term. By the same token, for the KK modes, we obtain will be formally absent rather than showing an apparent divergence), is also negligible compared to a contribution coming from (27) . Of course, gravity is modified at distance r = |x − x ′ | L, because the contribution of the massive KK modes are not suppressed there. However, as one approaches very short distances on the brane, r << L, the curvature corrections are more important. As a result, a distance scale where one could expect a modification in Newton's law from four to D dimensional behavior will be further suppressed due to higher curvature effects, which may deem chances for observing any significant deviation from Newton's law.
Can we avoid "no go theorem"?
In this Section we address a more important issue, that is, non-existence of non-singular Minkowski or de Sitter compactification for Einstein's theory. Provided that the gravity action does not contain higher curvature corrections (for example γ = 0), there are some no-go arguments [32, 31] applicable to RS type brane-world compactifications. Thus we find reasonable to solve the Einstein equations modified by a GB term. To this end, the low energy effective action is taken to be
where dots represent the higher order terms in the scalar field (ϕ) and some other fields which are not turned on. We assume that Λ(ϕ) is non-positive (bulk) cosmological potential, and ϕ can only depend on extra coordinates, ϕ = ϕ(z), the latter condition is dictated by the Poincaré invariance on a brane. Though we shall not restrict the action (31) to a particular string theory background, one may think about it like including α ′ corrections in type I string theories [12, 13] , perhaps a suited arena for studying RS models [17, 18] . In this case, one may replace α by α ′ e −α 0 ϕ because, in the Einstein frame, R 2 corrections can have a dependence on a scalar field. However, in a constant dilaton background, since Λ(ϕ) takes a bare value Λ 0 , this parameterization is not so important for our discussions.
We can write the metric background in the form
Here Ω(z) = e −A(z) , dx 2 d =g µν dx µ dx ν withg being the d-dimensional metric, which can be Minkowski, de-Sitter or anti-de Sitter space. We study only the case of D-dimensional warped geometry compact-ified down to d dimensional Randall-Sundrum type spacetimes (g µν = η µν ). In real world applications we shall take d = 4. The modified Einstein's equations in D-dimensions take the form
where the contribution to the stress energy of the massless scalar field and the bulk cosmological potential is
While that of the quadratic curvature terms (in a GB form) is
Brane-world solutions in D = 5
Here we show that the γ = 1 solution actually reproduces the RS single brane solution in a constant dilaton background (ϕ ′ = 0). To be specific, let us set D = 5 and introduce a brane action corresponding to a RS singular 3-brane with the positive brane tension σ > 0
The modified Einstein field equations following from (33), for a constant dilaton (ϕ ′ (z) = 0), including the contribution from (36), simplify to
where ε ≡ 2ακ 5 . Here one might have already noticed that appealing to ε = 0 in the bulk essentially means A ′′ + A ′ 2 = 0, and ε = 0 obviously kills another possible solution, that is, 2ε e 2A(z) A ′ 2 = 1. This is indeed the root cause of the c-theorem based on the Einstein theory [32] . What about a naked singularity observed in Ref. [16] ? This does not apply to a constant dilaton background, look Eq. (23) in [16] , where the integration constant d is zero for ϕ ′ = 0, then Eq. (24) in [16] gives 2ε e 2A(z) A ′ 2 = 1 in z coordinate, where dz = e A(z) dy.
One observes from (37) that 2εA ′ 2 e 2A(z) = 1 is indeed a bulk solution of the field equations. From this we find
where we have normalized the solution so that A(0) = 0. Of course, e −A(z) will converge as z → ∞, this is a minimum quality that any acceptable solution must have. If we wish to interpret the singularity given by A ′′ + A ′ 2 = 0 as the infrared cut-off (or the RS singular brane), then we may interpret the z → ∞, γ = 1 as the ultraviolet cutoff where gravity is strong. That is, gravity becomes strong towards the anti-de Sitter horizon, z → ∞. Also notice that the bulk solution (39) satisfies
L 0 +|z| , thus A ′′ + A ′ 2 = 0 for z > 0. Here one can easily understand a physical relevance of the brane action (36) . In fact, a solution 2εA ′ 2 e 2A(z) = 1 has provided a δ-function singularity at z = 0, which is to be supported by a positive tension brane, and one treats this singularity as the position of a RS brane. Here we have assumed σ > 0, so it is relevant to take the positive solution in (39). Now for a non-trivial brane tension σ > 0 at z = 0, Eq. (37) would imply
which, after regularizing the δ-function, i.e. δ(z) sgn(z) 2 = δ(z)/3, uniquely determines the brane
While Eq. (38) amounts to fix the bulk cosmological constant
Energy conditions and avoiding "no go theorem"
Let us take the (µν) components of the D dimensional Ricci tensor
In the RS type compactification, the d-dimensional space is Minkowski space, so that R(g) = 0. In our metric convention (mostly positive), for α = 0, the so called c-theorem [32] reads
where Λ(ϕ)'s contribution to τ t t and τ z z cancels out. This is the obvious positive energy condition τ ab ξ a ξ b ≥ 0, where ξ a is any arbitrary future-directed timelike or null vector. Since
there arises an identical condition from
Therefore, any acceptable solution must satisfy A ′′ + A ′ 2 ≥ 0, which is equivalent to the weak energy condition −ρ + |p i | ≥ 0, with ρ and p being the energy density and pressure. For z > 0, the inequality A ′′ + A ′ 2 ≥ 0 saturates the weak energy condition −ρ + |p i | ≥ 0, thus matter in the bulk should be radiation-like. In other words, ξ a should be a null vector, while ξ µ can be timelike (ξ µ ξ µ = −1) or null (ξ µ ξ µ = 0). Observe that, for α > 0, the strong energy condition
Thus the strong energy condition may be violated only if Λ(ϕ) > 0 or/and ξ a is timelike, but it is not violated if ξ a is a null vector and Λ(ϕ) < 0. For a future-directed null vector, ξ a ξ a = e 2A(z) (ξ µ ξ µ + ξ z ξ z ) = 0, the condition (47) implies that − (∂ z ϕ) 2 ξ µ ξ µ ≥ 0, and hence ξ µ can be a timelike vector (ξ µ ξ µ = −1) or a null vector (ξ µ ξ µ = 0). A similar condition arises from R ab ξ a ξ b ≥ 0:
It remains to see whether the second piece in (33), i.e. a contribution to stress energy from the Gauss-Bonnet action, violates any energy condition. For a null vector ξ a , the condition T ab ξ a ξ b ≥ 0, using (45), becomes
Thus for all non-spacelike ξ µ , i.e., ξ µ ξ µ ≤ 0, since A ′′ + A ′ 2 ≥ 0, the strong energy condition is not violated 1 . Here, validity of the strong energy condition basically says that brane gravity is attractive.
We should mention that arbitrary higher derivative corrections may not respect the energy conditions.
Next, we take the (µν) components of (33) and contract the µν-indices to arrive at
where ε ≡ 2ακ d+1 , andT
Here we have used the fact that ϕ = ϕ(z), and assumed Λ(ϕ) < 0.
We will be assuming that the d-dimensional Newton constant [11] 1
is finite, where
1 We are grateful to C. Nuñez for raising the question about validity of energy conditions that prompted us to add the above explanation.
2 As we are considering a co-dimension one brane, where γ = 2ε e 2A(z) A ′ 2 and ε = 2ακ 5 . Thus G A proof given in [31] for "no-go theorem" is based on the following observation. With α = 0, one has T ab = 0, and hence
Integrating (54) over the compact internal space by parts one finds dz
which tells that e −A(z) has to be constant. If so, a non-singular de-Sitter or Randall-Sundrum type compactification seems impossible with α = 0. This argument is general but its scope is limited to the case of compact extra dimensions and α = 0. In fact, this proof will neither be sufficient to prove no-go theorem for α > 0 nor those arguments will directly apply to the RS single brane model, where the fifth coordinate is non-compact (infinite). Additionally, for α > 0, the inequality (55) can hold in reverse order without violating the conditionT ≥ 0 and the energy conditions. To be precise, let us
Since the weak energy conditions implies A ′′ ≥ −A ′ 2 , Eq. (55) becomes
This is perfectly general for type of the solutions we have obtained so far, since Λ(ϕ) < 0 and A ′ 2 > 0.
There can be one more issue, whether these arguments will alter if one allows the p-form potentials into the brane-world action. If one adds
with p ≤ D, to the action (31), a stress tensorT ab ∝ F aa 1 ···a p−1 F b a 1 ···a p−1 − 1 2p g ab F 2 will be added to T ab in (33) . For large class of gravity theories coupled to many types of p-form fields, it was already shown in [31] that the contributions toT are always non-negative. Thus inclusion of gauge fields should not affect above observations. In fact, as already argued in [31] , in the presence higher derivative corrections, there are some improvements over the no-go arguments, and the previously known no-go theorem is not available with a GB term.
To be better equipped, next we solve the equations of motion that follow from (33) and obtain Finally, let us make a cursory inspection of the bulk potential Λ(ϕ) in D = 5. We can easily reduce the set of equations (58,59) to the following form (see also [16, 25] )
is the bare value of the bulk cosmological potential, where ϕ ′ (z) = 0, and AdS length scale is fixed by
. This is consistent with Eq. (18), where, when the equality (61) is satisfied, one has γ = 1.
Conclusions and outlook
We conclude with the following remarks. If the Randall-Sundrum models are to be the low energy prediction of some fundamental (string) theory or yet-unknown theory of quantum gravity, it is likely that the field equations include curvature corrections in a Gauss-Bonnet form. In fact, it is the only viable combination of R 2 -corrections that one can introduce in the RS type brane-world models. What we have also learned by including higher curvature interaction terms is that a Gauss-Bonnet term alone could be insufficient to give complete singularity free solutions, but a positive GB coupling (α > 0) is, nonetheless, crucial to avoid some of the "no-go" arguments based on Einstein's theory.
The weak energy condition boils down to the inequality A ′′ + A ′ 2 ≥ 0 in our background, and we have noticed that in order to have ϕ ′ regular or for constant dilaton either A ′′ + A ′ 2 or (1 − γ) should vanish in some region of the background spacetimes. The no-go theorem known in the literature [32, 31] will not be available to the gravity actions that include higher curvature corrections. With a trivial GB coupling (α = 0), the weak energy condition, in term of y coordinate 
where L 0 = 2ε = 4ακ 5 . Thus A ′ (y) approaches a positive (negative) constant as y → +∞ (−∞), and the no-go theorem may not apply to α > 0 case.
In our discussion, a relation between the bare bulk cosmological constant Λ 0 and the GB coupling α does not involve any arbitrary parameters once we fix the AdS length scale by α. It is relevant to note that for any physical brane-world solution, the brane tension is related to the matter content on the brane. Since matter content on the brane affects the curvature of a bulk spacetime geometry, it is not unnatural to expect a relation between the brane tension and the GB coupling, Eq. (41).
Finally, we could argue that evolution of the universe that includes contribution of higher curvature corrections might have some roles to play with the cosmological constant problem, this is also what some recent studies [29, 36] The quantities defined with bar are to be taken about their background values. Below we adopt a slightly different scheme of linearization, which we find more convenient to use in the brane background. 
where C 1 is a dimensional constant (C 1 = 1, 4, 64, · · ·, for D = 5, 7, 9, · · ·) and the last expression above involving logarithmic term will be absent for even D.
